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(57) ABSTRACT

In a method for correcting defective pixels of an image sensor
which has a plurality of pixels for generating respective expo-
sure dependent pixel signals, a defect characteristic for each
pixel is associated with the image sensor and comprises infor-
mation at least on whether the pixel is unusable, is usable
without limitations or corresponds to one of a plurality of
predefined defect classes. The method comprises a determi-
nation being made after the generation of the pixel signals for
each pixel, at least when the defect characteristic of the pixel
does not correspond to an unusable pixel or to a pixel which
can be used without limitations, in dependence on at least the
associated defect class of the pixel and on pixel signals of a
plurality of adjacent pixels, whether the generated pixel sig-
nal of the pixel should be corrected, with the generated pixel
signal of the pixel being replaced with a replacement value if
this is the case.
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1
PIXEL CORRECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority of German Patent Appli-
cation DE102013209165.6 filed on May 17, 2013.

FIELD OF THE INVENTION

The invention relates to a method for correcting defective
pixels of an image sensor which has a plurality of pixels for
generating respective exposure dependent pixel signals,
wherein a defect characteristic for each pixel is associated
with the image sensor and comprises information at least on
whether the pixel is unusable, is usable without limitations or
corresponds to one of a plurality of predefined defect classes.

BACKGROUND OF THE INVENTION

Image sensors of the named kind are used, for example, in
digital still cameras and moving image cameras (movie cam-
eras) for taking single images or a sequence of moving
images. The image signals of these images are composed of
pixel signals which are generated by the pixels of the image
sensor which are typically arranged in rows and columns.
Due to quality fluctuations in the production of the image
sensors, individual pixels can be defective. In this respect, any
deviation of a pixel from a standard specification is called a
defect which has the result that the pixel, and in particular
pixel signals generated by the pixel, is/are unusable or can
only be used with limitations. For example, with a conven-
tional image sensor for a moving image camera typically
having several millions of pixels, 20 pixels are unusable and
3000 pixels can be used with limitations, while the remaining
pixels can be used without limitations.

Especially in the area of professional moving image cam-
eras which are also used for cinema productions, the difter-
ences caused by defective pixels cannot be tolerated even
with a relatively small number of defective pixels in compari-
son with the total number of pixels. For, on the one hand, even
differences of individual pixels also have a disturbing effect
in the postprocessing of the image signals formed from the
pixel signals. On the other hand, in particular on a projection
of the image signals onto large cinema screens, even differ-
ences of individual defective pixels can become visible. The
yield is therefore disadvantageously small in the manufacture
of image sensors for cameras having such a high quality
requirement.

To the extent that it appears tolerable in an individual case
for a relatively small number of defective pixels, the pixel
signals of all pixels of an image sensors which are identified
as defective are discarded and new pixel signals are estimated
for the defective pixels by interpolation of pixel signals of
adjacent pixels. In this respect, a respective estimated pixel
signal should come as close as possible to a pixel signal which
apixel usable without limitation would have produced at this
position so that where possible a disturbance can no longer be
perceived in the image signal after the correction. Since in
each case all the defective pixels are uniformly discarded, that
is both unusable pixels and pixels which can be used with
limitations, the number of pixel values which have to be
calculated by interpolation is always the same, which causes
ahigh correction effort. In addition, image information which
may possibly be usable is discarded by the discarding of the
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pixel signals of pixels which can be used with limitations so
that the image quality may be impaired to an unnecessary
degree.

For a more differentiated correction, the pixels of an image
sensor can be differentiated in accordance with a defect char-
acteristic as to whether they are unusable, can be used without
limitations or correspond to one or more predefined defect
classes. Different degrees of limited usability of respective
pixels can then be detected by these defect classes. The unus-
ability and/or the unlimited usability of a pixel can in particu-
lar also be described as a respective such defect class. This
categorization into defect classes makes it possible also to
treat pixels with defects of different degrees differently. Pix-
els within the same defect class are in contrast still corrected
uniformly.

However, in this procedure, the differences caused by
defective pixels with respect to their degree and/or their per-
ceptibility in the image signal are not necessarily constant.
For example, the difference of a defective pixel can depend on
the intensity of its lighting (light or dark). The amount by
which a difference in the pixel signal of a defective signal can
be perceived and which is thus in need of correction can in
particular depend on the environment of the pixel, that is on
the pixel signals of adjacent pixels. It is therefore not abso-
lutely necessary in equal measure for all pixels of a defect
class to correct them for an improvement of the image quality.
Potential for a further reduction in the processing effort there-
fore remains unused when only one defect characteristic is
considered. Furthermore, a correction itself always suffers
from uncertainty. A correction which is only orientated on a
defect class associated with the respective pixel can therefore
at times even worsen the image quality.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a method for
correcting defective pixels which is efficient and which
ensures that the correction of the defective pixels results in an
improvement in the image quality.

The object is satisfied by a method having the features of
claim 1 and in particular in that a determination is made for
each pixel after the generation of the pixel signals, at least
when the defect characteristic of the pixel does not corre-
spond to an unusable pixel or to a pixel usable with limita-
tions, in dependence on at least the associated defect class of
the pixel and on pixel signals of a plurality of adjacent pixels,
as to whether the generated pixel signal of the pixel should be
corrected, with the generated pixel signal of the pixel being
replaced by a replacement value if this is the case.

In this method, the decision on how a respective pixel is
treated is therefore not already simple predefined by the
defect characteristic of the pixel. At least when the pixel can
be used with limitations, that is when a corresponding defect
class is associated with it, a supplementary decision process
takes place before the actual correction of the pixel. If, in
contrast, the respective pixel is unusable or is usable without
limitations, the decision on how the pixel is to be treated can
already be fixed in advance. For example, the pixel signals of
unusable pixels can always be discarded and can be replaced
by respective replacement values; the pixel signals of pixels
which can be used without limitation preferably do not
require any correction.

An advance decision process is at least carried out for all
other pixels. It is determined by this whether the generated
pixel signal of the pixel should be corrected or not. The
decision process comprises at least the taking into account of
a twofold dependence: on the one hand, on the associated
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defect class of the respective pixel and, on the other hand, on
pixel signals of a plurality of pixels adjacent to the respective
pixel. The method in accordance with the invention can
advantageously actually use this twofold dependence such
that only those pixels are corrected in which the replacement
of'the generated pixel signal by a replacement value results in
an improvement of the image quality. Due to the dependence
of the named determination on the environment of a respec-
tive pixel, it in particular becomes possible that some of the
pixels which are associated with a common defect class are
corrected on the basis of a specific environment, but others are
in contrast not corrected on the basis of a different specific
environment. For example, some pixels can be defective to
the extent that they have an increased dark current, i.e. that, on
a low action of light or an absent action of light, they generate
too large a pixel signal for this light action. In accordance with
this method, such pixels are not simply generally ignored and
replaced, but rather, for example, only in dark image regions
where the difference caused by these pixels is particularly
perceptible. Furthermore, for example, pixels whose defect is
based on a low maximum sensitivity can only be corrected
when the brightness of the environment is so high that their
smaller sensitivity capability would result in a difference
perceptible in the image signal.

The replacement of the generated pixel signals of the pixels
for which it was determined that they should be replaced does
notnecessarily have to take place immediately after the deter-
mination on the correction of the pixel. The respective deter-
mined replacements are preferably only carried out after the
determination on the correction has been completed for all
pixels of the image sensor. In this case, originally produced
pixel signals, and not already corrected pixel signals, are
always taken into account for the determination of whether
the generated pixel signal of the pixel is to be corrected.

The defect class associated with the respective pixel rep-
resents information on a substantially invariable property of
the pixel. The method can admittedly also comprise steps for
determining the defect characteristic and the defect charac-
teristic can, as will still be explained in the following, be
dependent on an operating mode of the image sensor. How-
ever, the defect characteristic and the defect class associated
with the respective pixel are at least fixed before the carrying
out of the named method steps for the correction of defective
pixels. The pixel signals of the adjacent pixels are variable, in
contrast. A respective new determination as to whether a
correction should take place must therefore be made for each
pixel of each individual image which can be used with limi-
tations. The additional effort of the advance decision process
which is associated with this is, however, compensated at
least in part in that, as a consequence of the decision process,
all unusable pixels and all pixels usable with limitations no
longer have to be corrected, but as a rule a substantially
smaller number. A complex determination of a replacement
value can in particular be omitted for the pixels which are
usable with limitations and for which it was found that they
should not be corrected so that the efficiency of the method
can be improved overall. It is furthermore advantageous that
the pixel signals of the pixels usable with limitations can be
used at least in part. The amount of the information taken into
account overall by the image sensor thereby increases, which
can result in a higher image quality.

The defect characteristic of at least the pixels which are
usable with limitations comprises a defect class correspond-
ing to the respective pixel. The information that a pixel is
unusable and/or the information that a pixel can be used
without limitations does not have to be present separately, but
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can also only be indirectly contained in the defect character-
istic, namely by awarding a respective corresponding defect
class.

A defect class characterizes the behavior of the pixel in
dependence on further parameters such as the intensity and
duration of the exposure in accordance with a predefined
classification scheme. The categorization into the defect
classes can in this respect take place in accordance with a
gradation. A fine gradation allows a detailed taking into
account of different degrees of usability of a respective pixel.
Atthe same time, a reduction in the required calculation effort
is achieved by the discrete values of the gradation with respect
to a taking into account of continuous values. It can in par-
ticular be made possible by this that the method in accordance
with the invention can also be used directly in a camera, which
is preferably the case.

On the classification of the defective pixels, different types
of defects can be distinguished which can also be present in
combination in a respective pixel. For example a plurality of
defect classes for each defect type can be associated with a
pixel. Alternatively, only one defect class can be associated
with the pixel, the defect class corresponding to a combina-
tion of the defects of different kinds for the respective pixel.
Different types of defect can thus be taken into account inde-
pendently of one another in the defect characteristic with a
small calculation effort.

Depending on the type of defect, the respective classifica-
tion scheme can be gradated differently, with differences with
respect to the fineness or the kind of gradation being conceiv-
able. For example, the defect classes for a dark current can
thus have a linear gradation while the defect classes for nose
in the dark can have a logarithmic gradation, for example with
an increase of 15% from grade to grade.

The replacement value is preferably estimated in depen-
dence on at least pixel signals of a set of adjacent pixels, in
particular by interpolation. Thus, not only the determination
of whether the generated pixel signal of a respective signal
should be corrected is dependent on the environment of the
pixel, but also the replacement value with which this pixel
signal should be replaced. This double taking into account of
the environment of the pixel allows a particularly individual
correction of defective pixels.

In an embodiment, the named set of adjacent pixels which
is used for the estimation of the replacement value is identical
with the named plurality of adjacent pixels which are taken
into account for the determination of whether a pixel signal
should be corrected. However, the named set of adjacent
pixels and the named plurality of adjacent pixels do not nec-
essarily have to be the same adjacent pixels. In an alternative
embodiment, the named plurality of adjacent pixels and the
named set of adjacent pixels are different.

For example, the adjacent pixels used for the determination
of whether a correction is carried out can preferably be
selected with respect to the fact that a particularly good deter-
mination can be made with reference to them as to whether
the differing pixel signal of a defective pixel in this environ-
ment is of any significance at all and is consequently in need
of correction. The set of the adjacent pixels used for the
estimation of the replacement value can in contrast be
selected particularly suitably with reference to the fact that
the estimation of the replacement value leads to high-quality
results.

The respective pixel signals of a plurality of adjacent pixels
can be the pixel signals actually generated by the adjacent
pixels both in connection with the determination of whether a
respective pixel should be corrected and in connection with
the estimation of the respective replacement value. Provided
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that the adjacent pixels also include defective pixels which
have already been corrected, these pixels can alternatively
also be pixel signals already previously corrected.

In a further embodiment, the replacement value can be
estimated at least in part in that the generated pixel signal of
the pixel is modified in accordance with the defect character-
istic of the pixel, i.e. in dependence on the associated defect
class. The replacement value can therefore at least also be
based in part on the originally produced pixel signal of the
pixel usable with limitations. The originally generated pixel
signal of the pixel is thus not discarded, but rather contributes
to the replacement value with which it is replaced. This is in
particular useful when the difference of the pixel signal gen-
erated by the defective pixel can be substantially compen-
sated with respect to a pixel signal which would have gener-
ated a pixel which can be used without limitation. The
compensation can, for example, takes place in a multiplica-
tive manner by means of a correction factor or by using a
specifically adapted mathematical function, with the defect
characteristic in particular being able to be used for the selec-
tion of the suitable modification. The originally generated
pixel signal of a pixel which can be used with limitations
preferably only enters into the replacement value in a modi-
fied manner when the difference in the pixel signal can be
compensated and is otherwise discarded. Whether the difter-
ent in the pixel signal can be compensated can preferably be
determined with reference to the defect characteristic of the
pixel.

It is furthermore possible that the estimation of the replace-
ment value takes place both in dependence on pixel signals of
the named set of adjacent pixels and while taking account of
the originally generated pixel signal of the defective pixel.
This can take place, for example, by a weighted link of avalue
interpolated from the pixel signals of the adjacent pixels with
the pixel signal of the defective pixel modified by means of a
correction factor.

In an advantageous embodiment, the following steps are
carried out for the determination of whether the generated
pixel signal of the pixel should be corrected: determining an
interpolation error of the pixel in dependence on at least the
named pixel signals of the plurality of adjacent pixels; deter-
mining an error comparison value of the pixel in dependence
on at least the associated defect class of the pixel; and com-
paring the interpolation error with the error comparison
value. In this embodiment, a determination is only made that
the generated pixel signal of the pixel should be corrected
when the interpolation error is smaller or at least not larger
than the error comparison value.

In this case, the decision on whether the generated pixel
signal of a pixel should be corrected is therefore based on the
comparison with an interpolation error of an error which is
present due to the defect of the pixel and which can be derived
as the error comparison value from the associated defect class
of'the pixel. The interpolation error preferably corresponds to
the error which would be present after a correction of the pixel
signal just due to the imperfection of this correction, that is,
for instance, due to the uncertainty of an interpolation. A
determination can thus be made with reference to the com-
parison of the error comparison vale with the interpolation
error whether a replacement of the pixel signal of the respec-
tive pixel with the replacement value results in a reduction of
the difference in the pixel signal of this pixel at all and there-
fore means an improvement of the image quality. The pixel
signal of the pixel is advantageously only actually corrected
when this is the case, that is when the interpolation error is
smaller than the error comparison value.
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Provision can in particular be made for the further increase
of'the efficiency that a determination that the generated pixel
signal of the pixel should be corrected is only made when the
interpolation error is smaller than the error comparison value
by at least a specific comparison threshold. The larger this
comparison threshold is selected, the fewer defective pixels
for which a determination is made that the respective gener-
ated pixel signal should be corrected and the smaller the total
effort of the correction. The smaller the comparison threshold
is, the more comprehensive the correction is and the better the
image quality therefore is. The respective prioritization of
these contrary goals can be set by a suitable selection of the
comparison threshold. The comparison threshold preferably
has the smallest possible value at which the effort of the
method still allows its application within a camera.

The dependence in accordance with the invention of the
determination of whether a correction should take place on
pixel signals of a plurality of adjacent pixels substantially
enters into the decision via the named interpolation error. The
interpolation error can be considered as a characteristic of
how well the replacement value in all likelihood corresponds
to or is similar to a value which a pixel which can be used
without limitation would have produced as a pixel signal at
this point. For the evaluation of this question, the pixel signals
of'the plurality of adjacent pixels are taken into account in the
determination of the interpolation error, that is the environ-
ment of the pixel into which a suitable replacement value
should be inserted in a manner as unobtrusive as possible.

As shown, the estimation of the replacement value can in
particular take place by interpolation of pixel signals of a set
of adjacent pixels. The determination of the interpolation
error can preferably take place in dependence on pixel signals
of the same adjacent pixels. It is, however, also possible that
the pixel signals of a plurality of other adjacent pixels, e.g. of
only some of the named set and/or fully different adjacent
pixels, are used. For example, since fewer adjacent pixels are
taken into account for the determination of the interpolation
error than for the estimation of the replacement value, the
efficiency of the determination of whether the generated pixel
signal of a pixel should be corrected can be increased. For the
correction carried out if this is the case, in contrast, a com-
paratively large number of adjacent pixels can be taken into
account to achieve a quality of the estimation of the replace-
ment value which is as high as possible. In such an embodi-
ment of the method, the interpolation error admittedly does
not necessarily reproduce the actual error of the replacement
value, but it can nevertheless be considered in comparison
with the error comparison value as an indication for whether
the correction of the generated pixel signal has an advanta-
geous effect on the image quality.

The determination of an interpolation of the pixel prefer-
ably comprises: interpolation noise being determined; noise
of the plurality of adjacent pixels being determined, in par-
ticular in dependence on at least the respective associated
defect classes of the plurality of adjacent pixels; and the
interpolation error being determined in dependence on at
least the interpolation noise and the noise of the plurality of
adjacent pixels. The interpolation error can therefore substan-
tially be composed of at least two error sources: interpolation
noise, on the one hand, and noise of the adjacent pixels, on the
other hand. In this respect, interpolation noise is to be under-
stood as that error which is inherent in the respective method
of'the estimation of the replacement value. For an estimation
always suffers from a specific uncertainty whose magnitude
is in particular dependent on the method used, e.g. on a
respective interpolation process. The interpolation noise,
which represents a measure for this uncertainty, can be an
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absolute value or a relative value. For example, the interpo-
lation noise can amount to 10% of a new value for the pixel
signal of the pixel determined by a specific interpolation
process. This new value preferably agrees with the replace-
ment value, but can also differ from it.

However, not only an error caused by the estimation enters
into the interpolation error, but it is rather additionally caused
by errors in the pixel signals of the adjacent pixels. These
errors are here called noise in combination and can advanta-
geously be derived from the defect characteristic associated
with the image sensor for the adjacent pixels. The noise of the
plurality of adjacent pixels can then result from a common
taking into account of the individual errors in the pixel signals
of the adjacent pixels, for example in that a weighted sum or
a functional value is formed which is suitably adapted to the
interpolation process in another manner. Once the interpola-
tion noise and the noise of the plurality of adjacent pixels are
determined, the interpolation error can be determined in
dependence on these values, for example as their sum or as a
root of the sum of the squares.

The error comparison value is a measure for the difference
in the pixel signal of the pixel caused by the defect in said
pixel. To increase the significance of the error comparison
value, the error comparison value can depend on further val-
ues in addition to the dependency on the associated defect
class of the pixel. The determination of the error comparison
value of the pixel in particular additionally takes place in
dependence on the generated pixel signal and/or in depen-
dence on an exposure time of the pixel and/or in dependence
on the pixel signals of the plurality of adjacent pixels.
Depending on the type of the defect of a pixel, the difference
in the pixel signal of this pixel does not have to be constant,
but can rather in particular depend on the generated pixel
signal and on the exposure time of the pixel. How disturbing
a perceivable defect a difference in the pixel signal of a
defective pixel has furthermore depends on the environment
of the pixel. Certain defects are particularly perceivable as
disturbing in bright image regions, others particularly in dark
image regions. It is therefore advantageous to take account of
these dependencies in the determination of the error compari-
son value of the pixel in order thus to be able better to deter-
mine, with reference to the comparison with the interpolation
error, whether a correction is useful in the sense of a perceiv-
able improvement of the image quality.

To be able to take account of a plurality of different defect
types which can also be present in combination in a respective
pixel, the defect characteristic can preferably comprise infor-
mation for each pixel with respect to at least two different
defect types as to whether the pixel corresponds to one of a
plurality of predefined respective defect classes. Different
ways are possible as to how the different defect types can
enter into the determination of whether the generated pixel
signal of a respective pixel should be corrected.

In an embodiment, a common error comparison value of
the pixel is determined for all different defect types in depen-
dence on at least the associated defect class of the pixel and it
is only determined that the generated pixel signal of the pixel
should be corrected when the interpolation error is smaller or
atleast not larger than the common error comparison value. In
this embodiment, a single defect class can in particular be
associated with the pixel, said defect class representing the
combination of the respective degrees of the defects of dif-
ferent types for this pixel. The categorization into defect
classes can then take place, for example, in accordance with a
multidimensional matrix, with each dimension correspond-
ing to a defect type and with the dimensions being able to be
gradated differently independently of one another (for
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example in a linear or logarithmic manner). A single error
comparison value which thus takes account of all defect types
together can thus be derived from the defect class associated
with the pixel and this defect comparison value can then be
compared with the interpolation error. All defect types con-
sequently equally enter into the decision based on this com-
parison via the correction of the pixel.

In an alternative embodiment, a respective error compari-
son value of the pixel is determined for each of the different
defect types in dependence on at least the respective associ-
ated defect class of the pixel and it is only determined that the
generated pixel signal of the pixel should be corrected when
the interpolation error is smaller or at least not larger than the
respective error comparison value for at least one of the
different defect types. In this alternative embodiment, a
respective defect class can be associated with a respective
pixel for each of the different defect types. A respective error
comparison value of the pixel can thus also be derived for
each of the different defect types from the corresponding
defect class of the pixel. The interpolation error is then com-
pared with all the error comparison values of the pixel, with
the comparison being able to be aborted as soon as the inter-
polation error is smaller than one of the error comparison
values. A determination that the generated pixel signal of a
pixel should be corrected therefore only takes place when the
interpolation error of the pixel is at least smaller than the
maximum one of the error comparison values of the pixel. In
this manner, only the respective dominant defect type with
this pixel is decisive for the named determination on the
correction of the pixel.

The different named defect types can in particular be
increased noise in the dark, a small maximum sensitivity, a
dark current and/or a difference with a short exposure time of
the respective pixel. Increased noise in the dark means that the
fluctuations in the pixel signal which are always present
despite a constant exposure are highly increased at a low
exposure intensity. The defect that the threshold is lowered
from which onward an increase of the exposure intensity no
longer results in an increase of the pixel signal is called the
low maximum signal input. A pixel signal is called dark
current which occurs at a low exposure of the pixel and
represents an exposure higher than the actual exposure in the
event of a defect. If the relationship between the pixel signal
and the exposure time differs from the normal relationship at
a short exposure time, this represents a further defect.

In an embodiment of the method, the plurality of adjacent
pixels comprise pixels adjacent directly horizontally, directly
vertically and/or directly diagonally relative to the pixel and/
or indirectly adjacent pixels. This applies independently of
one another both to the named plurality of adjacent pixels
which are taken into account in the determination on the
correction of the pixel signal of a pixel and to the set of
adjacent pixels which can be used for estimating the replace-
ment value. Directly adjacent pixels are pixels between which
no further pixels are arranged on the image sensor, whereas
with indirectly adjacent pixels some few other pixels can be
arranged therebetween.

If the image sensor comprises at least a plurality of pixels
which have a first color and a plurality of pixels which have a
second color, an embodiment can be advantageous in which
the pixel and the taken into account adjacent pixels of this
pixel have the same color. In this embodiment therefore only
those pixels which have the same color as the pixel are used as
the named plurality of adjacent pixels or as the named set of
adjacent pixels for the determination of whether the pixel
signal of a pixel should be corrected and/or for the estimation
of the replacement value with which the pixel is replaced if
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this is the case. Since pixels of the same color have a higher
correlation to one another as a rule, this correlation can be
used in this manner to improve the quality of the correction.
The image sensor can in particular have pixels of three dif-
ferent colors which are arranged in accordance with the
scheme of a color mosaic filter, preferably of a Bayer filter. If
only those pixels are used as adjacent pixels which have the
same color as the respective pixel, two pixels count as directly
adjacent if no other pixel of the same color is arranged
between them and they count as indirectly adjacent if only
some few other pixels of the same color are arranged between
them.

The method furthermore preferably comprises the defect
characteristic for each pixel associated with the image sensor
being determined for each pixel before a generation of the
pixel signals and being stored in a memory device and the
defect characteristic being read out of the memory device for
each pixel before the determination of whether the generated
pixel signal of the pixel should be corrected. The determina-
tion and storing of the defect characteristic is not necessarily
part of the method for correcting defective pixels. For it is
generally sufficient for the carrying out of the method if a
defect characteristic associated with the image sensor is pre-
defined in some manner. However, to determine this defect
characteristic at all, a calibration can be carried out before the
actual correction method by which the defect characteristic
for every pixel is determined and is stored in a memory device
for a later use. The memory device can in particular be con-
tained in a camera comprising the image sensor. From there,
the defect characteristic can then be read out of the memory
device for the determination of whether the generated pixel
signal of a signal should be corrected.

The determination and storage of the defect characteristic
does not have to be carried out directly before the carrying out
of the remaining method for correcting defective pixels. The
determination and storage of the defect characteristic for an
image sensor can in particular be carried out only once by the
manufacturer of the image sensor or of a camera comprising
the image sensor after the production of the image sensor or of
the camera, whereas the further steps of the method, which
comprise the actual correction, can take place a multiple of
times. Alternatively or additionally to this, the determination
and storage of the defect characteristic can also take place
repeatedly, for example regularly in the sense of a servicing or
postcalibration. In this manner, defects of pixels possibly
only occurring in the course of time can be detected in the
defect characteristic.

The defect characteristic can be stored in very different
manners in the memory device. For example, the defect
classes associated with the respective pixels can be stored as
one or more bits, with pixels which are unusable or which can
be used without limitations being able to be encoded by the
same bits. In the last-named case, the information on a pixel
being unusable or being usable without limitations ultimately
also represents its own defect class.

In a further embodiment, the named determination of the
defect characteristic comprises respective calibration data for
each pixel being determined and being stored in a first
memory of the memory device and the defect characteristic
for each pixel associated with the image sensor being deter-
mined from the respective calibration data in dependence on
an operating mode of the image sensor and being stored in a
second memory of the memory device. In this embodiment,
no defect characteristic is therefore initially directly associ-
ated with a respective pixel, but rather instead a set of respec-
tive calibration data. Such calibration data can in particular be
determined for a respective pixel with respect to a plurality of
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different calibration parameters, for example within the
framework of a calibration after the production of the image
sensor or of a camera comprising the image sensor. In this
respect, the different calibration parameters can, for example,
correspond to different defect types and/or different operating
modes. However, a plurality of calibration parameters on an
individual defect type and/or on an individual operating mode
can also be taken into account.

The calibration data determined for a respective pixel are
stored in a first memory of the memory device from where
they can be read out so that a defect characteristic to be
associated with the respective pixel can be determined from
these calibration data. The determination of the defect char-
acteristic additionally takes place in this respect in depen-
dence on an operating mode of the image sensor. The oper-
ating mode can, for example, be an exposure time or a
temperature of the image sensor. However, other operating
modes of the image sensor or of a camera comprising the
image sensor can also be considered, e.g. a set sensitivity
value.

Since initially only the calibration data are stored and in
addition the operating mode of the image sensor is taken into
account in the determination of the defect characteristic, the
defect characteristic for different operating modes can be
different and can thus be adapted particularly individually to
different demands in the respective operating mode. The
defect characteristic admittedly has to be determined again
for this purpose on a change of the operating mode or on at
least a first setting of the operating mode from the calibration
data. Since, however, in this respect, no complete calibration
takes place, but rather only the calibration data already
present in the first memory are evaluated in dependence on the
operating mode, this can be carried out fast and with a low
effort.

Subsequently, the defect characteristic can be stored in the
second memory of the memory device and can be read out
from there for determining whether the generated pixel signal
of'arespective pixel should be corrected, at least as long as the
operating mode is maintained. In the second memory, how-
ever, a plurality of respective defect characteristics can also
be stored for different operating modes and a selection can
then be made between the defect characteristics in depen-
dence on the operating mode.

The named memory device can be configured as an indi-
vidual memory element which comprises both the named first
memory for the calibration data and the named second
memory for the defect characteristic; it can, however, also
have different memory elements, in particular separate
memory elements, so that the first and second memories can
be present in different memory elements, also spatially sepa-
rate memory elements.

The invention also relates to a digital camera, in particular
to a motion picture camera, having an image sensor which has
aplurality of pixels for generating respective exposure depen-
dent pixel signals and having a correction device which is
suitable to carry out a method of the above-explained kind for
correcting defective pixels of the image sensor. The named
memory device can in particular likewise be provided as a
part of the camera.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in the following only by
way of example with reference to the drawings.

FIG. 1 shows a digital film camera in which a method in
accordance with the invention can be carried out; and
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FIG. 2 shows an image sensor of the camera shown in FIG.
1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The camera 11 shown in simplified form in FIG. 1 com-
prises a housing 13 having an opening in which a lens 15 is
arranged. Light of a scene to be taken which enters through
the lens 15 into the camera 11 is imaged onto an image sensor
17.

The image sensor 17 is shown schematically in FIG. 2 and
comprises a plurality of light-sensitive pixels 19 which are
arranged in rows and columns on the image sensor 17. Over-
all, the image sensor 17 can have several million pixels 19, for
example in an aspect ratio of 3:2 or 4:3. For reasons of
simplification, only a few pixels 19 are shown. The image
sensor 17 can in particular have a color mosaic filter, not
shown, so that a respective pixel 19 is only acted on by light
of a single one of the colors of the color mosaic filter such as
red, green or blue, for instance.

The individual pixels 19 of the image sensor 17 generate
pixel signals in dependence on the incident light which
together form a respective image signal of an image. Provided
that the camera 11 is a moving image camera (movie camera),
a plurality of image signals are generated in a regular
sequence, for example for 24, 25 or 30 images a second, or for
a multiple thereof.

Due to manufacture-induced fluctuations, some of the pix-
els 19 of the image sector 17 can be defective, i.e. cannot be
used without limitations. Defective pixels can in this respect
either be fully unusable or, however, at least usable with
limitations.

As shown in FIG. 1, the camera 11 comprises, in addition
to the image sensor 17, a correction device 21 having a
memory device 23 for a defect characteristic of the image
sensor 17, an optional buffer memory 25 for buffering pixel
signals as well as an image memory 27 for storing image
signals. The correction device 21 is in this respect configured
for carrying out the method explained in detail above for
correcting defective pixels 19 of the image sensor 17. The
correction device 21 can receive the respective pixels directly
from the image sensor 17, for example, and can forward them
in corrected form or can read them out of the image memory
27, correct them and write them back or—as shown in FIG.
1—can receive them from the buffer memory 25 and can
write them into the image memory 27 in corrected form.

The buffer memory 25 can in particular serve to collect
respective pixel signals until a complete image signal is
present with pixel signals of all pixels 19 of the image sensor
17. The buffer memory 25 can, however, also collect more
than one complete image signal or only parts of a complete
image signal. The pixel signals buffered in this manner can
then be output to the correction device 21.

When the correction device 21 receives pixel signals, it can
in particular carry out the following steps for correcting the
defective pixels 19 of the image sensor 17:

The correction device 21 first checks whether a respective
pixel corresponds to an unusable pixel or to a pixel which can
be used without limitations. The correction device 21 canread
out the information on the pixel required for this purpose from
the memory device 23 to which it is connected and in which
a defect characteristic associated with the image sensor 17 is
stored with corresponding information for each pixel 19 of
the image sensor 17.

It the respective pixel 19 is unusable, the correction device
21 can determine a replacement value for the pixel signal of
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this pixel 19 directly (e.g. by interpolation) and can output it
as a new pixel signal of this pixel 19. If the respective pixel 19
can be used without limitations, the pixel signal of the pixel
19 can remain unchanged. If, however, the respective pixel 19
is neither unusable nor usable without limitations, the correc-
tion device 21 makes a determination in dependence on the
defect class associated with the pixel 19 and on pixel signals
of a plurality of adjacent pixels 19 (and optionally in depen-
dence on further parameters) whether the generated pixel
signal of the pixel 19 should be corrected or not. The correc-
tion device 21 can in turn take the named defect class asso-
ciated with the pixel 19 from the information stored in the
memory device 23.

If the named determination has the result that the pixel
signal of the respective signal 19 should be corrected, the
correction device 21 then replaces the pixel signal of the pixel
19 with a replacement value which can in particular be deter-
mined by the correction device 21 itself. Provision can oth-
erwise be made that the pixel signal of the pixel 19 is not
replaced, but rather remains unchanged.

To carry out these steps, the correction device 21 can, for
example, comprise a microprocessor, with the steps of the
method then being able to be stored as programmed instruc-
tions for the microprocessor in the correction device 21.

Finally, the corrected image signals, i.e. the image signals
on whose pixel signals the explained method for correcting
defective pixels 19 of the image sensor 17 has been applied,
can be stored in the image memory 27 from where they can
then be read out via an output 29 of the camera 11. An image
memory 27 does not, however, necessarily have to be pro-
vided in the camera 11. Alternatively, the corrected image
signals can also be output directly at the output 29 of the
camera 11.

The invention claimed is:

1. A method for correcting defective pixels (19) of an
image sensor (17), the image sensor having a plurality of
pixels (19) for generating respective exposure dependent
pixel signals, wherein for each pixel (10) a respective defect
characteristic is associated with the image sensor (17) and
comprises information on at least whether the pixel (19) is
unusable, can be used without requiring correction or corre-
sponds to one of a plurality of predefined defect classes,

wherein the method comprises the steps of:

after the generation of the pixel signals:

at least for each pixel (19) whose respective defect char-
acteristic does not correspond to an unusable pixel
(19) or to a pixel (19) which can be used without
requiring correction, making a determination of
whether the generated pixel signal of the pixel (19)
should be corrected, wherein the determination
depends on at least the corresponding defect class of
the pixel (19) and on pixel signals of a plurality of
adjacent pixels (19); and

replacing the generated pixel signal of the pixel (19)
with a replacement value if the making the determi-
nation yields the result that the generated pixel signal
of the pixel (19) should be corrected;

wherein the making the determination comprises the steps

of:

determining an interpolation error of the pixel (19) in
dependence on at least the pixel signals of the plural-
ity of adjacent pixels (19);

determining an error comparison value of the pixel (19)
in dependence on at least the corresponding defect
class of the pixel (19); and

comparing the interpolation error with the error com-
parison value;
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wherein the making the determination yields the result that
the generated pixel signal of the pixel (19) should be
corrected, only if the interpolation error is smaller than
the error comparison value.
2. The method in accordance with claim 1,
wherein the replacement value is estimated in dependence
on at least pixel signals of a set of adjacent pixels (19).
3. The method in accordance with claim 1,
wherein the replacement value is estimated at least in part
in that the generated pixel signal of the pixel (19) is
modified in accordance with the respective defect char-
acteristic of the pixel (19).
4. The method in accordance with claim 1,
wherein the determination of the interpolation error of the
pixel (19) comprises the steps of:
determining interpolation noise;
determining noise of the plurality of adjacent pixels
(19); and
determining the interpolation error in dependence on at
least the interpolation noise and the noise of the plu-
rality of adjacent pixels (19).
5. The method in accordance with claim 4, wherein the step

of determining noise of the plurality of adjacent pixels (19) is
carried out in dependence on at least the respective defect
classes of the plurality of adjacent pixels (19).

6. The method in accordance with claim 1,

wherein the determination of the error comparison value of
the pixel (19) additionally takes place in dependence on
at least one of the following members selected from the
group comprising: the generated pixel signal of the pixel
(19), an exposure time of the pixel (19) and the pixel
signals of the plurality of adjacent pixels (19).

7. The method in accordance with claim 1,

wherein the respective defect characteristic for each pixel
(19) comprises information with respect to at least two
different defect types on whether the pixel (19) corre-
sponds to one of a plurality of predefined respective
defect classes;

wherein a common error comparison value of the pixel (19)
is determined for all different defect types in dependence
on at least the corresponding defect class of the pixel
(19); and

wherein a determination is only made that the generated
pixel signal of the pixel (19) should be corrected if the
interpolation error is smaller than the common error
comparison value.

8. The method in accordance with claim 1,

wherein the respective defect characteristic for each pixel
(19) comprises information with respect to at least two
different defect types on whether the pixel (19) corre-
sponds to one of a plurality of predefined respective
defect classes;

wherein a respective error comparison value of the pixel
(19) is determined for each of the different defect types
in dependence on at least the corresponding defect class
of'the pixel (19); and

wherein a determination is only made that the generated
pixel signal of the pixel (19) should be corrected if the
interpolation error for at least one of the different defect
types is smaller than the respective error comparison
value.

9. The method in accordance with claim 7,

wherein the different defect types comprise at least one of
the following members selected from the group com-
prising increased noise in the dark, a low maximum
sensitivity, a dark current and a difference with a short
exposure time of the respective pixel (19).
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10. The method in accordance with claim 1,

wherein the plurality of adjacent pixels (19) comprise at
least one of the following members selected from the
group comprising: pixels (19) adjacent directly horizon-
tally relative to the pixel (19), pixels (19) adjacent
directly vertically relative to the pixel (19), pixels (19)
adjacent directly diagonally relative to the pixel (19) and
indirectly adjacent pixels (19).

11. The method in accordance with claim 1,

wherein the image sensor (17) comprises at least a plurality
of pixels (19) which have a first color and a plurality of
pixels (19) which have a second color; and

wherein the pixel (19) and a plurality of adjacent pixels

(19) have the same color.

12. A method for correcting defective pixels (19) of an
image sensor (17), the image sensor having a plurality of
pixels (19) for generating respective exposure dependent
pixel signals, wherein for each pixel (19) a respective defect
characteristic is associated with the image sensor (17) and
comprises information on at least whether the pixel (19) is
unusable, can be used without requiring correction or corre-
sponds to one of a plurality of predefined defect classes,

wherein the method comprises the steps of:

before the generation of the pixel signals:

determining for each pixel (19) the respective defect
characteristic associated with the image sensor (17)
and storing the respective defect characteristic in a
memory device (23);

before making a determination of whether the generated
pixel signal of the pixel (19) should be corrected:

reading the respective defect characteristic out of the
memory device (23);

after the generation of the pixel signals:

at least for each pixel (19) whose respective defect char-
acteristic does not correspond to an unusable pixel
(19) or to a pixel (19) which can be used without
requiring correction, making a determination of
whether the generated pixel signal of the pixel (19)
should be corrected, wherein the determination
depends on at least the corresponding defect class of
the pixel (19) and on pixel signals of a plurality of
adjacent pixels (19); and

replacing the generated pixel signal of the pixel (19)
with a replacement value if the making the determi-
nation yields the result that the generated pixel signal
of the pixel (19) should be corrected.

13. The method in accordance with claim 12,

wherein the step of determining the respective defect char-

acteristic comprises the steps of:
determining respective calibration data for each pixel
(19) and storing the respective calibration data in a
first memory of the memory device (23); and
determining the respective defect characteristic for each
pixel (19) from the respective calibration data in
dependence on an operating mode of the image sensor
(17) and storing the operating mode dependent
respective defect characteristic in a second memory of
the memory device (23).
14. A digital camera (11) comprising:
an image sensor (17) which has a plurality of pixels (19) for
generating respective exposure dependent pixel signals;
amemory device (23) in which for each pixel (19) a respec-
tive defect characteristic is stored which comprises
information on at least whether the pixel (19) is unus-
able, can be used without requiring correction or corre-
sponds to one of a plurality of predefined defect classes;
and
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a correction device (21) which is adapted to carry out a
method for correcting defective pixels (19) of the image
sensor (17); the method comprising the steps of:
before making a determination of whether the generated
pixel signal of the pixel (19) should be corrected: 5

reading the respective defect characteristic out of the
memory device (23);

after the generation of the pixel signals:

at least for each pixel (19) whose respective defect char-
acteristic does not correspond to an unusable pixel 10
(19) or to a pixel (19) which can be used without
requiring correction, making a determination of
whether the generated pixel signal of the pixel (19)
should be corrected, wherein the determination
depends on at least the corresponding defect class of 15
the pixel (19) and on pixel signals of a plurality of
adjacent pixels (19); and

replacing the generated pixel signal of the pixel (19)
with a replacement value if the determination yields
the result that the generated pixel signal of the pixel 20
(19) should be corrected.

15. The digital camera in accordance with claim 14,

wherein the camera is a movie camera.
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